Vitamin D is a fat-soluble vitamin that is important for maintaining calcium homeostasis through actions in the intestine, bone, kidney, and parathyroid gland 1 . Vitamin D is also essential for normal growth and skeletal development 2 . More recently, vitamin D status has been linked to cancer, cardiovascular disease, autoimmune disease, and infection 3 . This vitamin is acquired through nutritional supplements (10-20%) and by cutaneous synthesis from exposure to sunlight (80-90%) 4 .
In children, causes of rickets have changed from low exposure to sunlight and intake of vitamin D to inappropriate supplementation or metabolic disorders, including hepatic disease, renal disease, and metabolic problems with calcium or phosphorus. However, vitamin D deficiency and nutritional rickets are reemerging as a major public health problem throughout the world [5] [6] [7] [8] [9] . The prevalence of vitamin D deficiency in normal healthy individuals is high in many countries 6,7,9. Risk factors for low vitamin D status in Korean children from 2006 to 2013 have been reported to include obesity 10 [10] [11] [12] , female gender 11, 13 , low physical activity 11, 12 , winter season 11 , and older age 11, 14 . The effects of older age on vitamin D deficiency regardless of weight may be due to the reduced opportunity of older Korean children to participate in outdoor activities 14 .
To date, no study has assessed changes over time of vitamin D levels in Korean children.
Vitamin D levels are routinely tested by measuring the serum concentration of the major circulating form of vitamin D, 25- 
Material and Methods

Clinical samples
The study population consisted of patients aged 1-15 years who visited the Department of Pediatrics of Gyeongsang National University Hospital (GNUH) in Jinju, Korea, from June to October of each year. As a member of the National Biobank of Korea, the GNUH collects serum samples from patients randomly and stores them at −80°C. Serum samples collected in 1990-1991, 1995-1996, 2000-2001, 2005-2006 , and 2010-2011 were stratified by age groups, subjects aged 1-5 years (preschoolers), 6-10 years (elementary school children), and 11-15 years (adolescents) ( 
Ethics Statement
The study protocol was approved by the Institutional Review Board of the GNUH (GNUHIRB-2013-02-002). An agreement exemption was applied because the serum samples included no genetic information and were derived from the National Biobank of Korea. Thus, under institutional review board-approved protocols, these samples were obtained with informed consent. 11 . The serum samples in this study were obtained from the National Biobank; thus clinical data, such as body weight, vitamin D supplementation, milk consumption, and physical activity, were unavailable for the study population. However, our finding that the prevalence of vitamin D deficiency was higher in adolescents than in younger children might be related to the tendency of Korean adolescents to limit outdoor activities as they prepare for entrance into high-ranking schools 24 .
Results
A total of 948 serum samples from children
The time spent by Korean adolescents in screen-based sedentary activities has increased dramatically in the past decade 24 . At present, Korean adolescents spend most of their free time in after-school programs/tutoring (57.9%), staying home (15.9%), and online gaming This study found that the prevalence of vitamin D deficiency was lower in subjects aged 1-5 yrs. than in those aged 6-10 and 11-15 yrs. Few studies have assessed vitamin D deficiency in Korean children under the age of 5 years. Two studies reported that vitamin D deficiency in infants aged 1 to 6 months and in normal children under age 24 months was associated with breastfeeding 31, 32 . Since clinical data, including nutritional status, could not be evaluated in our study population, we could not determine the reason for the lower rate of vitamin D deficiency in children aged 1-5 yrs. than in older children. However, children aged 1-5 yrs. may spend more time outdoors and participate in a greater degree of physical activity than children aged 6-15 yrs. In conclusion, this study showed that vitamin D deficiency or insufficiency in children and adolescents in Jinju, Korea, increased from 1995-1996 to 2010-2011, while mean serum vitamin D concentrations decreased, especially in adolescents. These results may be associated with changing lifestyles among Korean children and suggest that outdoor physical activity and sufficient vitamin D intake should be strongly encouraged in these children.
